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DESIGN STUDY — NEW ORNL PROCESS WASTE TREATMENT PLANT

F. E. Harrington and J. M, Holmes
ABSTRACT

This investigation surveys the requirements for
increased decontamination of ORNL process waste and the
processes that are currently available to accomplish
this decontamination. The contamination levels of 37Cs
and 9°Sr at White Oak Dam (in 1970) averaged about 5.9
curies per year, More than 50% of the °°Sr activity at
White Oak Dam came from the discharge of the Lime-Soda
Plant into White Oak Creek. Other sources of °°Sr
contamination include the ORNL storm and sanitary sewers,
and leaching from the burial grounds. Installation of a
new process waste treatment plant in which a ®°Sr decon-
tamination factor greater than 100 can be achieved, along
with a reduction of 31 contamination through longer decay
periods, should decrease the activity levels at White Oak
Dam by almost a factor of 2, Installation of a Scavenging
- Precipitation-Ion Exchange Process having a design feed
rate of 200 gpm is recommended. The estimated capital

N cost is $893,000 (1971 dollars)., If in the future further
decreases in the discharge concentrations at White Oak Dam
are desired, it may be necessary either to seal the burial
grounds with an asphalt cover or to remove °°Sr at White
Oak Dam, The capital cost for either of these procedures
will be at least $10 million.,

1, SUMMARY AND RECOMMENDATIONS

This design study was concerned with determining the requirements
for increased decontamination of ORNL process waste and evaluating the
processes and techniques that could be applied. In order to properly
define the magnitude of the problem, it was necessary to survey the exist-
ing data concerning the levels of radioactive contamination found in both
branches of White Oak Creek and also at the point of discharge from the

restricted area at White Oak Dam. Estimates of the impact of a new

process waste treatment plant on the levels of contamination at White




Oak Dam were made based upon the results of this survey. Alternative
types of treatment plants were considered in detail in order to establish
the best possible process for installation at ORNL. The information
developed during the survey and the recommendations resulting from the - -

design study are summarized below,.

1. The radioactivity discharged by Oak Ridge National Laboratory

into White Oak Creek between 194l and 1970 has decreased to
a fairly constant level during the last three years. At
present, the radioactive content of the discharge into the
Clinch River averages approximately 0,3% of the radiation
concentration guides (RCG) given in the AEC Manual, Chapter
0524y, The principal isotopic offenders include °°Sr, ®H, and
1317, More than 50% of the °°Sr activity originates from the

1 discharge of the process waste system (Lime-Soda Plant) into

‘ White Oak Creek, Other sources include the storm and sanitary
sewers, leaks into the Fifth Street Branch of White Oak Creek,
and activity leached from burial grounds in the White Oak
Creek Drainage Basin. A correlation of the strontium levels
in both the Melton and Bethel Valley Branches of White Oak
Creek with the average monthly flow rates (assumed to be
proportional to rainfall) confirms that strontium is being
leached from contaminated areas in both Melton Valley and
Bethel Valley.

2. Installation of a new process waste treatment plant which has
a ®9°Sr decontamination factor (DF) greater than 100, along
with the reduction of °I contamination through longer decay
periods, should decrease the average activity levels at White
Oak Dam by about a factor of two. In addition, diversion of
the leaks currently flowing into the Fifth Street Branch and
various sewers to a new process waste treatment plant should
further decrease the levels at the Dam, Based on these esti-

mates, the following recommendations are made concerning a new

process waste treatment plant:




(a)

(b)

(c)

(d)

Replace the Lime-Soda Process with a new process waste
treatment plant having a design base rate of 200 gpm,
This 200-gpm design basis includes a 33% safety factor
to allow for future sources of process waste, drainage
from contaminated areas in ORNL, and provision for emer-
gency processing of wastes normally released to White

Oak Creek after retention and monitoring.

The Scavenging Precipitation — Ion Exchange (SP-IX) process
is recommended for the new process waste treatment plant

as long as pit disposal of the sludge is acceptable at ORNL,
However, if hydrofracturing is substituted for pit disposal
over the long term, consideration should be given to oper-
ating the Clarification-Ion Exchange Process (C-IX) since
it generates no sludge (the sludge is dissolved in the
eluate). However, the C-IX process produces larger volumes
of eluate from the ion exchange columns. Design of the
major equipment items such that either flowsheet can be
used in the plant is strongly recommended . Changes that
would be required include the installation of a different
ion exchange resin and additional equipment for a different

type of chemical feed to the head end of the process.

The addition of anion exchange or an alumina column (for
phosphate removal) to fhe SP-IX process is not recommended
because of the large volumes of spent caustic regenerant
that would be produced and sent to the intermediate waste
system, These items would also increase the capital cost
significantly. An alumina column is not necessary because
the problem of intermittent high phosphate concentrations
in the process waste can be handled by accepting a shorter
ion exchange system run cycle (regeneration daily instead
of every 2.3 days) and an equivalent increase in the con-

sumption of regenerant chemicals,

Recycle of neutralized ion exchange column regenerant in

the SP-IX process is not recommended because it would




increase the nitrate concentration in White 0Oak Creek
(from L ppm to 9 ppm), which could have a deleterious .
impact on White Oak Lake,

The capital cost for installation of the SP-IX process at
ORNL has been estimated to be about $893,000 (1971 dollars).
Installation of a modified C-IX process that would utiligze
the present Lime-Soda Plant equipment would cost about
$733,000 (1971 dollars). However, this process has not been
demonstrated on a pilot-plant scale; consequently, its in-
stallation would entail more risk than the SP-IX process,

which has been demonstrated in a pilot plant.

If in the future it becomes desirable to reduce the discharge

of activity at White Oak Dam by as much as a factor of 10, it

will be necessary to reduce the discharge of °®Ru and %11

by adding an anion exchange columm to the new process waste

treatment plant. However, since significant quantities of

®0Sr escape from the burial grounds, it would also be neces-

sary to either (1) prevent °°Sr leaching at the source or ‘
(2) remove ®°°Sr at White Oak Dam, A rough estimate of the

capital cost for either procedure amounts to at least $10

million.

Prevention of leaching of °°Sr at the source might be accom-
plished by sealing the burial grounds with an asphalt cover
and dredging the stream and lake beds, An extensive drainage
system to prevent groundwater from seeping into the burial

grounds would probably be required,

Removal of °°Sr from the water flowing over White Oak Dam

would involve diversion of the uncontaminated water in both

branches of White Oak Creek around the contaminated area by

a system of canals or culverts. Decontamination of the .
residual water at the dam cculd be accomplished by use of a

large continuous ion exchange system, but waste disposal -

from this plant would become a major consideration in this

case.,
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5. The source of a major portion of the °°Sr appearing at the
process waste treatment plant has been traced to seepage
underneath Building 30L7. FElimination of this source could
reduce the load on the Lime-Soda Plant and might possibly
further reduce the ®°Sr levels in White Oak Creek if a
portion of this source is bypassing the waste treatment

plant.
2. INTRODUCTION

Process waste from Oak Ridge National Laboratory is essentially a
mixture of raw and treated water contaminated with small quantities of
radionuclides, In this study, process waste was assumed to include all
of the liquid waste discharged at White Oak Dam into the Clinch River.

This waste consists of:
(1) Discharge from the process waste system at ORNL.
(2) Discharge from storm drains.
(3) Discharge from sanitary drains.
(4) Water from Bethel and Melton Valley drainage basins.

The flow of process waste at White Oak Dam varies between 100 and
500 million gal per month, depending on the amount of rainfall in the
drainage area. Average flow rates are about 12.5 ft%/sec; however, during

flash storms, the flow has increased to above 300 ft%/sec.

This study examines the sources of contamination in the process waste
and proposes procedures for reducing the discharges at White Oak Dam,
It also considers longer-range possibilities for further reducing the‘
levels of contamination, Estimated costs for both the short- and long-

term goals are also included in the study.

2,1 Purpose of the Design Study

The information included in this study report was developed in order

to properly define the magnitude of the problem and to provide possible

solutions for achieving a short-term solution to the problem. Several




alternative solutions are included in order to present management with
a wider latitude for decision-meking, In addition, possible long-term
solutions are also suggested for consideration as potential courses of

action in the future.

2.2 Justification for a Process Waste Treatment Plant

Aqueous wastes, discharged as process waste from various facilities
within the controlled area of Oak Ridge National Laboratory, contain low
levels of radioactivity. In addition to these sources, which are con-
trollable to a certain extent, there are other sources (e.g., storm drains,
sanitary sewers, and leaks) that may be corrected through extensive future
changes in piping systems. However, one source, the activity leached by
groundwater from the burial grounds, will probably be very difficult to
control, The wastes from all of these sources flow into White Oak Creek
and are eventually discharged to the Clinch River over White Oak Dam,
which is the official discharge station for ORNL. Figure 1 shows a plan

of a portion of the process waste system,

2.2,1 Historical Radiocactive Discharge Record for ORNL

Table 1 summarizes the annual discharges of 2ll important radio-
nuclides, specified in terms of curies, by ORNL to the Clinch River., The
record covers the period 19L4L-1970 and demonstrates that, for the past
three years, the quantity discharged has remained essentially constant.
The principal offenders include ®°Sr, ®H, and '3'I, The levels of activity
in the Clinch River, expressed as & percentage of the permissible radia-
tion concentrations permitted by Federal Regulations (AEC Manual 052)),
average approximately 0.3%. The isotope of prime interest in this study
was °9Sr since it is not possible at present to reduce the levels of %"
(the prime source of ®H is located in Burial Ground No. 5, where it is
leached to the groundwater) except by decay, and the *°I levels may be
decreased by increasing the holdup times prior to release to the waste

system,
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Table 1, Annual Discharges of Radionuclides from ORNL to Clinch River™
Total
Gross Rare

Year Beta 1370s 198y 29Sr  Earths le%0e  987p 96y 1317 60p, >
194 600°
1945 500
1946 900
1947 200
1948 Lok
1949 718 77° 110¢  150° 77° 18° 180°  22¢ 77°
1950 191 19 23 38 30 15 42 19
1951 101 20 18 29 11 4.5 2.2 18
1952 214 9.9 15 72 26 23 19 18 20
1953 304 6.4 26 130 110 6.7 7.6 3.6 2.1
1954  38L 22 " 140 160 2L | 9.2 3.5
1955  L37 63 3 93 150 85 5.2 5.7 7.0 6.6
1956 582 170 29 100 140 59 12 15 3.5 Lé
1957 397 89 60 - 83 110 13 23, 7.1 1.2 4.8
1958  5hh 55 L2 150 2Lo 30 6 6 8.2 8.7
1959 937 76 520 60 oL L8 27 30 0.5 77
1960 2190 31 1900 28 48 27 38 L5 5.3 72
1961 2230 15 2000 22 2L L.2 20 70 3.7 3N
1962 1440 5.6 1400 9. 1 1.2 2.2 7.7 0.36 14
1963 L70° 3.5 430 7.8 9.k 1.5 0.3k o071 ok 1S
196 23t 6.0 191 6.6 13 0.3 046 0.7 o029 15%
1965 95 2.1 69 3.4 5.9 0.1 0.33 0.33 o0.20 124
1966 L8 1.6 29 3.0 L9 0.1 0.67 0.7 0.2k 1% 3,093
1967 u% 2.7 17 51 8.3 0.2 0.9 o.dy o091 3% 13,273°
1968 6% 1. 5 2.8 L. 0.03 0.27 0.27 0.31 1% 9,685°
1969 135 1. 1.7 3.4 L.6 0.02 0.18 0.8 oL 1% 12,2478
1970 nf e 1.2 3.9 L.7 0.06 0.2 0.02 0.32 1 9,173

aDischarges given in terms of curies. Data obtained from Applied Health Physics Section.
bMinus cerium.

®Data taken from ORNL-LO35; gross beta other than tritium, ORNL-3721,

dpata taken from ORNL-L286. °Data taken from ORNL-L563. fResults reported by H. H. Abee.




2.2,2 Sources of °°Sr Discharges at ORNL

Table 2 presents an estimate (minor modifications of the estimate by
E. J. Witkowski1) of the total quantity of %°Sr discharged (in curies)
annually. The total reported is the sum of the listed sources using the
high value for the ranges noted. The activity in the storm sewer (west
of the treatment plant) is believed to have its primary origin in the
inleakage from the equalization basin to an abandoned section of clay
pipe. This storm sewer also carries waste from Buildings 2000, 2001, -
and 3017, The activity in the sanitary sewer is believed to originate
primarily from inleakage under Central Avenue, where earth was contami-
nated by a leaking intermediate-level-waste line (removed from service
years ago). The leak into the Fifth Street Branch is believed to be
mainly the result of seepage near waste tank WC-2 into the storm sewer
running north to south between the Radioisotope and 3039 Stack areas.
This sewer joins the Central Avenue sewer that runs east to the Fifth

Street Branch.

Table 2, Estimated Sources of °°Sr Discharges into White Oak Creek

Percentage

Ci/year of Total
Process waste system 2.00 51.3
Storm sewer (west of treatment plant) 0.001-0.02 0.5
Sanitary sewer 0.36-0.,72 18.5
Leak into Fifth Street Branch 0.10-0.34 8.7
Burial Ground L 0.15 3.8
Melton Branch 0.67 17,2
Total (using high value for ranges) 3.90 100.0

Table 3 presents data collected during February 1971 for the sources
of °°Sr in the (Bethel Valley) Process Waste Collection System. The flows

are given in millions of gallons, and the %°Sr activity in disintegrations

per minute per milliliter., These data indicate that about 0.8 Ci of 9°Sr
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was fed to the Lime-Soda Plant, with more than 70% of this quantity

(> 80% of measured total) having its origin in MH-11L. The contribution "
measured at MH-11) ranged from 55 to 85% of the known sources for

January-March 1971, It appears that the bulk of this °9Sr enters via .
seepage below MH-112 from contaminated gfound beneath Building 3047.

Table 3. Flows and °°Sr Concentration in Process Waste
Collection System Tabulated During February 1971

Sample Volume Quantity of °°Sr

Point

(millions of

Building (MH) gallons) dis min™* ml™* 10® uCi

3019 25 0.05 L5 3.83
Reactors (+ 30L7) 114 1.88 176 56l
3025, 3026 149 1,128 0.6 1.14
3517 209 0.16 147 40
3508, 3503P 229 0.66 17.9 20.1 .
Isotope area 23k 0.33 110 61.9
3525, 3526, 3550, .

MH-235 235 0.472 0.029 0.02
2026 2,0 0.25 0.01 0.004
2531 243 0.74 6.1 76.9

Subtotal 5.66 768

Diversion box® 5.73
Treatment feedd 7.5 63 805

%2 portion of these flows has since been removed to the storm sewer,

bNot all buildings or entries are listed. For this sample, the primary
source of activity is believed to be from the Hot Storage Garden and
sumps near Intermediate Level Waste Tanks WC-5, -6, -7, -8, -9, and

Th-1, -2,

cSam.pled daily for operational flow, Indicated flow should equal sub- -
total plus Building 3504 plus inleakage.

dPumping rate to Lime-Soda Plant. It is of interest to note that this -
flow for March and April amounted to 5.7 and 3.7 million gallons,
respectively.
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The wastes collected by the process waste system are surged in the
equalization basin (a large earthen pit) before treatment, and the treat-
ment effluent is, in turn, surged in the settling basin (also a large
earthen pit). The Lime-Soda Plant removes approximately 80% of the °OSr
in the feed. This plant is a typical horizontal-flow water softener in
which the flash-mixer, coagulator, and clarifier are incorporated in a

concrete rectangular pit, The CaCO; precipitation removes ®°Sr and rare

137Cs, A considerable quantity of solids

earths, and grundite clay removes
has accumulated in the settling basin. Dorr-Oliver2 reported the °°Sr
content of these solids to be = 10° dis min"'g™* and that > 15% of the
®9Sr content in the effluent was associated with solids. Thus, it is
apparent that a 0.01% increase in entrained solids in the effluent would
increase the amount of °°Sr released by a factor of 2. The solids dis-
charged by the settler are currently disposed of in a waste pit, Over
the long term, this method will likely be replaced by hydrofracture or
salt-mine disposal. Over the short term, addition of less clay (since
t37Cs is not a major contributor) could reduce the solids generation

rate.

2,2.3 Effect of Rainfall on the ®°°Sr Activity in White Oak Creek

The data presented in Table 2 indicate that significant levels of
strontium activity are found in the Melton Branch of White Oak Creek.
The main source of this contamination is probably Burial Ground No. 5
and the old 7SOO‘area waste pond, although the latter has recently been
covered with a layer of asphalt. It is known that almost all of the
tritium released to White Oak Creek originates in Burial Ground No. Ss
thus it is quite possible that strontium, along with tritium, could be

leached from the same area.

A correlation of the monthly strontium levels in the Melton Branch
of White Oak Creek between January 1969 and March 1971 with the average
monthly flow rates in the creek (assumed to be proportional to rainfall
in the Melton Valley watershed) confirms the assumption that strontium
is being leached from contaminated areas in Melton Valley., Figure 2

shows that a definite correlation exists between the strontium levels and
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the Melton Valley Creek flow, and the resulting correlation coefficient
of 0.826 confirms this relationship. At the average Melton Valley Branch
flow rate of 57.9 million gallons per month, the regression predicts a
strontium activity level of 0,068 Ci/month or 0.81 Ci/year. This is
somewhat higher than the value of 0.67 Ci/year given in Table 2, which

was based on more recent data,

A similar analysis was performed on the strontium activity in the
Bethel Branch of White Oak Creek. The results of this analysis are shown
in Fig. 3. Again, the results indicate that there is a significant
relationship (correlation coefficient = 0,821) between the strontium
levels and the flow in the Bethel Branch of White Oak Creek, The assump-
tion that the flow in the Bethel Branch is representative of the rainfall
in the Bethel Valley drainage area might be challenged on the basis that
ORNL discharges process waste to the Creek., However, since the volume
of this process waste is only a small fraction of the Bethel Branch flow,
the assumption is probably warranted. The postulated strontium leaching
effect of the rainfall in Bethel Valley might also be due, in part, to
increased discharges of strontium from the Lime-Soda Plant during periods
of high rainfall. However, an attempt at correlating the data for this
source of strontium with the Bethel Branch flow rates failed to demonstrate
a significant relationship (see Fig. li). Therefore, the efficiency of the
Lime-Soda Plant and its strontium discharge rate are apparently indepeﬁdent
of rainfall in the area. Figure L indicates that the average level of
strontium discharged by the plant is about 0.15 Ci/month or 1.8 Ci/year.
This agrees with the value of 2.0 Ci/year given in Table 2.

The results of the above relationships indicate that major sources
of strontium contamination exist in both Bethel and Melton Valleys and
that the amount of activity released by these sources is strongly dependent
on rainfall in the area., DPossible locations of these sources include the

contaminated ground under Building 30h7, the ORNL Settling Basin, the con-

taminated ground in the vicinity of Building 3525, Burial Grounds Nos. L
and 5, and the 7500 Area Waste Pond.
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A correlation of the total 9°Sr activity with the total flow in
White Oak Creek is presented in Fig. 5. The total strontium activity T -

at any flow rate may be estimated from the following linear regression

equation:
S = 0,083 +.0,001293F,
where
S = strontium activity, Ci/month,
F = total White Oak Creek flow, millions of gallons per month.

Since strontium activities can be estimated as a function of flow
rate, the percentage of RCG can be determined at any level of White Oak
Creek flow.

2.2.L Effect of a New Treatment Plant

The total quantity of °°Sr discharged during 1970 at White Oak Dam
was about 3.90 Ci (see Table 2). The effects of installing a new process
waste treatment plant and eliminating the leakages mentioned in Table 3
on these discharges are presented in Table li. A new treatment plant alone
will reduce the curies of °°Sr discharged from the treatment plant to
0.05 curie/year. The last colum in Table L indicates that the total
90g5r activity discharged can be reduced to about 0.90 curie/year by
diverting the leakage into the sewers and Fifth Street Branch to a new
process waste treatment plant where the °93r would be removed. If only
the leaks are corrected and the present plant is retained, the discharge
would be about 3.1 curies/year, as indicated by column L in Table k.
These data demonstrate that a new treatment plant will provide a substan-
tial reduction in °°Sr discharges and that an additional reduction could

be achieved by correcting leaks in the X-10 area,
3. PROCESS WASTE TREATMENT PLANT -
Replacement or modification of the Lime-Soda Plant has been studied -

extensively in order to improve the decontamination of process waste. The

Plant is currently removing about 80% of the strontium activity, which is
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Table Li, Effects of Changes on ORNL Discharges at White Oak Dam

Quantity of ®°Sr Discharged Annually (Ci)

(11)
(1) After
After Diversion of Leaks After
Average Installation of a New from Sewers and Incorporating
at Process Waste Fifth St. Branch to Changes
Source Present® Treatment Plant Treatment Plant® (1) and (II)
Process waste treat- 2.00 0.05 2.22 0.06
ment plant discharge
Storm sewer (west of 0.02 0.02 0.02 0.02
treatment plant
Sanitary sewer 0.72 0.72 - - -
Leak into Fifth 0.34 0.34 - -
Street Branch
Burial Ground No. L 0.15 0.15 0.15 0.15
Melton Branch 0.67 0.67 0.67 0.67
Total 3.90 1.95 3.06 0.90

SMaximum value of ranges in Table 2,

Py ssumes a 2%Sr DF of 200 for new process waste treatment plant. Current DF is

about 5.0.

cNew Process Waste Treatment Plant not installed.
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not sufficient to prevent the occurrence of significant levels of radio-
activity in White Oak Creek (see Sect, 2). Installation of a new facility
that could reduce the strontium and cesium contamination by factors of
1000 and 100, respectively, would significantly reduce the discharge of
activity to White Oak Creek and the Clinch River,

Two processes developed at ORNL have been considered for replacing
the present treatment method. Both of these processes use ion exchange
for the removal of radioactive nuclides and include precipitation steps
(which are referred to as head-end steps). The first process that was
developed is known as the Scavenging-Precipitation Ion-Exchange Process;
it has been demonstrated on a pilot-plant scale using ORNL process

35h The second process, known as the glarification Ion-Exchange

Process, is an adaptation of the work by Yee” on the Water Recycle Process.

waste,

It could also utilize a continuous lon exchange system, as demonstrated

by Higgins.6

3.1 Design Flow Rates

The data presented in Table 3 indicate that the monthly flow to the
Lime-Soda Plant in February 1971 was about 7.5 million gal, or an average
daily flow rate of 270,000 gal., However, recent reductions in the flows
from two sources (see footnote a, Table 3) decreased the average flow
for the period of April 1 through August 30, 1971, to approximately
117,000 gal/day. Currently, the normal operating feed rate is about
100 gpm during weekdays. (The plant is shut down on weekends,) A new
treatment plant designed for this range of flows would require that the
design basis be set at 100 to 150 gpm. However, some allowance should
be made for the following present or future sources of water that may

have to be decontaminated in a new process waste treatment plant:

(1) Process waste from future sources such as new radiochemical

processing facilities proposed for Melton Valley.

(2) Residual drainage from areas where contaminated water is
currently leaking into storm and sanitary sewers. After the

sections of underground pipe that are allowing contamination

to enter the sewers have been isolated, it may be necessary
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to pump the residual inleakage to the process waste system

in order to prevent bypassing to White Oak Creek. "

(3) Provision for emergency processing of wastes normally released
directly to White Oak Creek after retention and monitoring.
The processing of these wastes can be spread out over a
reasonable period of time through the use of retention ponds

or the equalization basin,

The daily volume that might be generated by these sources hés been
estimated at 70,000 gal/day. This would add about 50 gpm to the plant
capacity and require a design base rate of 200 gpm., The actual operating
rate for the plant, however, would be in the 100- to 150-gpm range. It
should be noted that normal chemical consumption and sludge production
rates will be determined by the actual operating rate and not by the
200-gpm design base rate.

3.2 Scavenging-Precipitation Ion-Exchange Process

The chemical flowsheet for the Scavenging-Precipitation Ion-Exchange
Process (SP-IX) is given in Fig. 6. In the head-end step, the pH of the i
waste is raised to about 11.8 by making the waste 0.01 N in NaOH and,
at the same time, adding 5 ppm of Fe?* as copperas, which promotes the
formulation of a large floc from the dissolved calcium and magnesium
present in the waste stream., Most of the calcium and magnesium precipitate
as the carbonate and hydroxide, respectively. Dirt, algae, and radio-
nuclides are also carried down during this precipitation step, which takes

place in the flash-mixer, flocculator, and clarifier,

Coagulation of the precipitates into larger particles occurs in the
flocculator, where the mixture is gently agitated at 1 rpm during a 15-
min residence time, The floc leaves the bottom of the flocculator and
enters the bottom of the clarifier veésel, where separation of solids is
achieved by feeding the mixture through a sludge-blanket. The L~ to 5-ft- .
high sludge blanket consists of fluidized particles of precipitate that
trap the floc and furnish additional nuclei to aid in the precipitation
of additional solids by crystal growth. As particles in the sludge blanket
agglomerate, they settle in the water until they form a slurry in the



21

thop ¢/| -7 A10n® paiinbeu voyDIeueBey O

*gse00ad

aduryoxy ~uol uotrqeitdiosad-3utdusasog

o@ -wn.ﬁ_m

NISVE ONITLLIS

VIA MI13¥D Of

vorioreusboy /o6 oo uoypisuabay /o6 zop

| wd6
HO®N I | uolpseusbay /(06 (971
A0z o lwd

ONH N 60

® N

O]

EONH N 251 ysesd

uoseuebay /106 o9l
[wdb py }

EONH N 60

AS

O)

sos0dony
woly BIDSUBPUOD)

PV JMIN ainjig

39¥NS AV
FDAON

uoypssuebay /|06 0991

fONH N 50

AS =
(Ao €9+
asn €3

Aop/1oB yg
HIPS N 9€
WILSAS M1 OL = ¥OIVHO4VYAI
HOON N Z
Aop/106 g
uoieustey /(0B 0e9t
€ONH N ¥E'0
SIS N 910
AS =
4op/106 07/ s €3+
O ¢ FOSe4 = sospddor (v @)
gy 19d spod = wdd SNV Q334
spuodRs = g ¥OLV¥OdVAI
5902 MmOy} UONDIFUSBEs fIPwieN = N ”.M_oo.e% w w
PO-pRx1} J0) 9.0 [ | s493400Iq Uy SBN|DA o

“(4ndybnosys wdb goz
104} ynuiw Jod suojjob = wdb
wwollob gee = coa = AOL ()
-eausiees £9ge-1NE0 (2)
-indybnosy) wd 0oz @

sys0g

POzDISUILIP = wWQ

= q'0
*eouenbes swomsys

uoypisusbey = @.@@.@

¥980L-12 OMQ INIO

HOPN N 10
pd6 0ggz 10

Acst €9

(28 «09) YOSZH %8/
« wdb 2/0°0

106 2g¢
= A0l
upey 001~
¥IONVHIXI
NOI
119
Y 06 Aeal $a1d usw oz Joj
196 go0* 11 ONIHSI10d 198 0g¢ ysompng
%¥ 40 pdB (1t
(W £8) Aeq/q) 0L
¥RV wdb g'g 101 o)
39an1s
\
o%
A (W 61
5o €9 + ¥OLVINDOOM
(nso 9+
(wso 6)
1 66 Aioa3 1of gey
« wdb 7 ~ (s g1 wdb 999
24 wdd ¢ 5 gzo8
NIsye P _HO N 100 fe——— soiaddod
wdb z0z
NONVZITVNDI VIXIW HSV
w6 007 HOSN N 560
ILSVYM $53D0Ud wdB (7
pd6 og|
HOPN N 5061




22

bottom of the vessel, Some of this slurry is recycled to the flash-mixer
to provide "seed" nuclei to promote precipitation. The remainder may be
concentrated by centrifugation to a 30% slurry, which is suitable for
disposal via burial or hydrofracture., However, if pit disposal is used,
the slurry will be discharged at a concentration of about 4% by weight and
transported by tank truck. The effluent from the clarifier is further

clarified by a polishing filter containing a fixed bed of anthracite.

After filtration, the clarified effluent having less than 10 ppm of
hardness is fed to a cation exchange column containing sodium-form Duolite
CS-100 resin, This is a phenolic-carboxylic cation exchange resin (a
weak-acid type resin), which was selected because of its high preference
for sorbing cesium over sodium present in the liquid phase. Breakthrough
of cesium does not occur until 2000 bed volumes of waste have been fed
to the column, To regenerate the resin, the column is removed from
service; then the bed is washed with one-half bed volume of water and
is subsequently upflow eluted with five volumes of 0.5 N HNO, remaining
from a prior regeneration.* This volume of acid effectively removes

almost all the sorbed hardness and radicactivity. Another five volumes

“Recent experience at a commercial reprocessing facility7 where Duolite
CS-100 is used for low-level waste treatment has indicated some
degradation of the resin during regeneration with nitric acid. It is
believed that part of the degradation was due to inadvertent regenera-
tion with nitric acid more concentrated than 0.5 N. However, at other
times the reason for degradation was not readily apparent., Based upon
this experience, it is recommended that a series of laboratory tests
be performed on currently available Duolite CS-100 resin to determine
the extent of resin degradation during nitric acid regeneration. The
degree of degradation could be determined by the capacity of the resin
for the *®7Cs dissolved in the low-level waste feed,
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of 0,5 N HNO; are then fed to complete the elution; however, this acid
effluen; is fed to a storage tank for use during the first half of the
elution cycle on the next regeneration, The bed is then rinsed with
one bed volume of water and converted to the sodium form by feeding 20
volumes of 0,1 N NaOH in an upflow mode through the resin. The rinse
water is returned to the equalization basin, while the 0.1 N NaOH is

sent to storage to be used for adjusting the pH of the feed to the head-
end step.

Variations to the flowsheet that have been demonstrated include:
(1) the addition of an alumina column to remove phosphates from the
plant feed in case the phosphate content becomes excessive (a phosphate
content > 1 ppm prevents precipitation of the calcium in the head end),
(2) provision for the recycle of the ion exchange eluate to the head end,
which, in turn, requires the addition of Grundite clay to the flash-
mixer to increase the effectiveness of cesium removal, and‘(3) the addition
of an evaporator to reduce the volume of eluate sent to the intermediate-
level waste system,. The evaporator might also be used to denitrate the
eluate for the purpose of recovering nitric acid for recycle - but this
step has not been demonstrated, These variations are discussed in the

subsections that follow.

3.2.1 Installation of an Alumina Column

Installation of an alumina column for phosphate removal has not been
included in the proposed process as an alternative because the equipment
required for this step would be large and relatively expensive, and would
be used only a small fraction of the time. The estimated cost for a
9-ft-diam alumina column plus associated caustic and nitric acid tanks
for regeneration is about $135,000, It is believed that a less expensive
and more practical way of providing for high phosphate levels in the feed
would involve accepting a shorter run cycle during periods of high phos-
phate concentrations in the plant feed. For example, Brooksbank3 found

that 5 ppm of Turco L32Li (a detergent) in the feed reduced the number of

cation resin bed volumes required to achieve breakthrough from 2000 to 882,

Since a cation bed is designed to operate for 2.3 days (based on 2000 bed
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volumes), reduction of the breakthrough point to 900 bed volumes would
decrease the run time to about one day; therefore, the beds would have
to be regenerated daily during periods of high phosphate levels in the
plant feed., This schedule would probably be acceptable for intermittent
periods of operation when phosphate levels are high. Regenerant costs
would increase during these periods, but would be lower than the costs

for operating an alumina colum,

3.2.2 Recycle of Ion Exchange Eluate

Recycle of neutralized regenerant from the ion exchange process was
successfully demonstrated during two Low-Level Pilot Plant runs,h It
was necessary to add Grundite clay to the process head end in order to
improve the retention of cesium in the sludge withdrawn from the clari-
fier. (Grundite is a clay containing 65 to 75% illite, 10 to 20% kaolin-
ite, and 5 to 15% quartz.) About 0.7 1b of clay was added as a siurry
per thousand gallons of waste., This procedure eliminates the need for
disposal of the ion exchange column regenerant but increases the volume
of sludge and adds nitrate to the low-level waste, The nitrate concentra-
tion of the waste leaving the plant would be about 77 ppm; however, it
would be diluted by White Oak Creek to an average concentration of about
4 ppm and a maximum of 9 ppm during periods of low flow. Incorporation
of this feature in the proposed process was rejected because of the
resulting increase in nitrate concentration in White Oak Creek. Although
L5 ppm of nitrate is permissible in drinking water according to current
U.S. Public Health Drinking Water Standards, the estimated L; to 8 ppm of
nitrate could have deleterious effects, such as eutrophication, on White
Oak Lake and alter its usefulness as an ecological research facility. For
example, it has been suggested that the critical levels of inorganic
phosphorous and nitrogen are 0,015 ppm and 0.3 ppm, respectively; above
these, algal blooms can be expected.8 The nitrate content of the lake
would probably be a factor of 10 above this critical level if the proposed

process were used,
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3.2.3 Evaporation of Ion Exchange Eluate

The addition of an evaporator to reduce the volume of eluate sent
to the ORNL Intermediate-level Waste Evaporator has been included in the
proposed flowsheet, If the eluate from ion exchange regeneration is not
evaporated, its volume will amount to about 1680 gal per regeneration,
or about 730 gpd. After neufralization, this would comprise approximately
10% of the average daily evaporator load (8000 gpd). However, since the
eldate is essentially a low-level waste and would not require extensive
shielding, evaporating it at the process waste plant in a small, lightly-
shielded evaporator would be more practical than increasing the load on
the ORNL Intermediate-Level Evaporator by 10%. Also, it is possible
that some acid can be recovered during the evaporation, but this will
have to be determined experimentally. Therefore, a small wiped-film
evaporator capable of reducing the eluate volume by a factor of 30 was
included in the process design of the plant. Overhead from the evaporator
can be mixed with fresh concentrated nitric acid (15.3 M) for use as ion
exchange colurm regenerant and thus circumvent the problem of disposing
of this waste, The resulting volume of waste sent to the intermediate-
level waste system will be about 56 gal per regeneration or 2l gpd.
A wiped-film evaporator was tentatively chosen for this operation because
of its capability for handling precipitates that may be formed during

evaporation,

3.2.i Modification of the Lime-Soda Plant for the Scavenging-
Precipitation Ion-Exchange Process

Consideration has been given to using the present Lime-Soda Plant
as a head-end facility for the SP-IX. The additional equipment required
would include the polishing filters, the ion exchange columms, and
auxiliary regeneration equipment, However, the lime-soda process would
have to meet the hardness and pH specifications for the feed to the ion
exchangers [i.e., < 10 ppm hardness (as calcium carbonate) and a pH of
11.7]. At present, the effluent from the Lime-Soda Plant has a hardness
of 20 to 30 ppm and a pH below 11.0. Therefore, it would be necessary

to add additional lime and sodium carbonate to reduce the hardness and

increase the pH to 11.7. This would increase the volume of sludge
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significantly. Alternatively, NaOH could be substituted for these
reagents, but the feasibility of this step has not been investigated.
Consequently, a recommendation that the Lime-Soda Plant be used for the
SP-IX process cannot be made until extensive testing demonstrates that
it can be operated under the same conditions as the equipment developed
for the Low-Level Pilot Plant.

3,3 Clarification Ion-Exchange Process

The chemical flowsheet for the C-IX process is'given in Fig., 7. The
processing steps are similar to those used in the SP-IX process. The main
difference between the two processes involves the location at which the
bulk of the hardness is removed from the process waste. In the SP-IX
process, this is accomplished in the head end at a high pH; in the C-IX
process, it is accomplished in the cation exchange column at a pH near
neutral, The head-end step in the C-IX process serves only to remove
algae, colloids, and solids that may contain activity from the process
waste. Removal of such materials is accomplished through the use of
coagulants, followed by clarification to remove the precipitated solids
from the system, Fewer solids are produced during the head-end step,
but more eluate is produced by the ion exchange step. A detailed analysis
of the advantages and disadvantages of the SP-IX and C-IX flowsheets is
presented in Sect. 3.6. The Modified Clarification Ion-Exchange (Modified
C-IX) process would use the lime-soda equipment for the head-end treatment

step.

Raw waste is fed to the C-IX process at the design rate of 200 gpm
or less. It is mixed with alum to yield concentrations up to 25 ppm [as
41(S0.)5] and with activated silica to give concentrations up to 1 ppm.
The amounts of coagulants used are established by measuring the zeta
potential of the floc resulting from coagulation of the colloids present
in the process waste. Zeta potential measurements determine the electro-
phogetic mobility of the floc immediately after the flash-mixing step.

preferred in order to neutralize the mutual repelling forces of the col-

Yee’ states that a zero (with a tolerance of * 5 mV) zeta potential is

loids. However, Neumann9 indicates that negative potentials as high as
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-16 mV are preferred in order to reduce the volume of sludge produced

and provide residual solids for precoating the filter beds, Since the
system is designed for maximum dosages, operation at less than these
levels should not present problems in the chemical feeding system. The
silica system includes equipment for the batch production of an activated
silica sol by reacting sodium bicarbonate with a silicate solution and

aging the sol prior to feeding it to the flash-mixer.

The flash-mixer provides a 15-sec holdup time for mixing the coag-
ulating chemicals with the waste., Flocculation and clarification take
place in the agitated flocculator for 20 min, followed by clarification
in a sludge blanket clarifier having a holdup time of about 60 min.
Solids removed from the clarifier could be centrifuged if they are to be
drum stored or shipped, but the recommended procedure involves dissolution
in the ion exchange columm eluate, which results in only one waste stream
for the process. Clear water leaving the sludge blanket clarifier is
pressurized and then clarified further by an anthracite-bed polishing
filter, which reduces the turbidity to less than 0,05 Jackson Turbidity
Units. An ion exchange bed of Dowex 50W-X8 strong-acid resin effectively
decontaminates the waste with regard to 1®7Cs and ®°°Sr activity and
removes the calcium and magnesium hardness at the same time, Further
decontamination may be obtained, if required, by the addition of an anion
exchange bed and an activated carbon bed.”  Regeneration of the cation
bed requires elution with three bed volumes of L N HNO; remaining from the
prior regeneration (to remove most of the salts from the bed), followed
by elution with three bed volumes of fresh L N HNO;. The latter three
bed volumes are retained for use in the next regeneration. Since only
part of the nitric acid is used for removal of salts from the bed, it is
necessary to evaporate the first acid fraction to recover most of the
unused acid for subsequent regenerations. This nitrate removal reduces
the quantity of waste salts significantly because all wastes sent to be
hydrofractured must be neutralized first, and any excess nitric acid in
the waste stream would be converted to sodium nitrate., The evaporator
will reduce the volume of eluate by a factor of about 15 and provide
approximately 75% of the fresh nitric acid for the next regeneration,
Wash water used during the regeneration is recycled to the head end of

the process since it does not contain appreciable activity.
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3.4 Capital Costs

The capital costs for the SP-IX and C-IX flowsheets at a 200-gpm
capacity have been estimated as part of the overall study. The estimates

were prepared under the following assumptions:

(1) All costs are for 1971 and contain no provision for escalation.

Delay in the construction of the plant will increase these
costs by an estimated 5% per year at the present rate of con-

struction cost escalation.

(2) Space for the plant is assumed to be available, and no allow-
ance is made for site development or construction of the plant

in a contaminated area,

(3) All services are assumed to be available at the plant, and no

allowance is made for bringing in additional services,

(l}) Feed for the plant will come from the present equalization
basin, and the decontaminated waste will be discharged to the

present settling basin or White Cak Creek.

i (5) The costs for disposal of the wastes from the plant are in-
cluded in the operating costs, but no estimates have been made
to determine the cost of additional facilities (if needed) to

handle these wastes.

(6) The equipment will be designed, fabricated, and installed by

an outside vendor(s).

(7) Dismantling of the present Lime-Soda Plant is not included in
this cost estimate., Also, no allowances are made for using
the present plant equipment except in the case of the Modified
C-IX process, where the Lime-Soda Plant could be used for the
head-end step.

. Information on the cost of the special process equipment was obtained
primarily from vendors in the water treatment equipment business. The
- . cost of tanks, pumps, piping, and insulation were obtained from Page,10

with allowances being made for escalation between 1963 and 1971. W. G,

Stockdale assisted in various sectors of the cost estimate. The data
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for the Modified C-~IX plant represent an approximation because it is not
possible to determine the extent to which the present Lime-Soda Plant T
equipment could be used without a detailed engineering study. If exten-
sive modifications are found to be necessary, the estimated costs will T

have to be corrected accordingly.

Results of the capital cost estimates are shown in Table 5. Three
alternatives are shown: (1) the SP-IX process, (2) the C-IX process,
and (3) the modified C-IX process,

Table 5. Capital Cost Estimates for 200-gpm SP-IX, C-IX,
and Modified C-IX Flowsheets

Modified
Ttem SP-IX C-IX C-IX
Tanks $ 66,600 3 76,200 $ 61,100
Pumps 22,600 26,000 20,000
Special equipment
Precipitation 38,300 38,300
Polishing filters 7,500 7,500 7,500 )
Cation exchangers 60,900 60,900 60,900
Anion exchangers 13,300 13,300 13,300
Evaporator 36,200 36,200 36,200
Sludge handling 3,600
Piping and insulation 145,900 50,700 39,000
Instruments and electrical 149,500 151,000 145,000
Building and foundations 119,500 119,500 80,000
(a) Subtotal 563,900 579,600 463,000
(b) Design and engineering, at 32% 180,500 185,500 148,200
of (a)
Contingency, at 20% of (a) + (b) 148,900 153,000 122,200

$893,300  $918,100  $733,L00
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The Modified C-IX process would have the lowest capital cost,
primarily because of the savings associated with eliminating the precip-
itation equipment. However, as mentioned above, this assumes that
extensive modifications of the Lime-Soda Plant equipment will not be
required., Whether such an assumption is valid can be determined only
through a detailed engineering study. If a new C-IX plant is considered,
the cost will be approximately $25,000 more than a new SP-IX plant
because of the more complex feeding system required. (In the C-IX system,
additional tanks and pumps are needed for preparation of the activated

silica reagent.)

A rough comparison can be made of the above capital costs with those
actually paid for a 200,000-gpd SP-IX plant, completed at Reprocessing
Plant X during the second gquarter of 1971, However, adjustments should
be made for the higher cost of labor at the new plant site (labor cost
for Plant X = 1.83 x Knoxville labor cost per Dodge Index) and the
additional lagoons, underground piping, and additional solids handling
equipment required at that site. The installed cost of Plant X was about
$900,000, A rough estimate indicates that about $160,000 should be
subtracted for the additional facilities required at Plant X. This
establishes an estimate of $7L0,000 for an ORNL plant., Although this is
about $153,000 less than the estimate given in Table 5, it may be con-
sidered to be in fair agreement, taking into account the rough assump-

tions that were made and the difference in capacity for the two plants.

3.5 Operating Costs

Operating costs for any of the flowsheets under consideration should
include the costs for disposal of the wastes generated by the process.
However, methods to be used for disposing these wastes can only be sug-
gested at the present time, and the costs associated with them can only
be roughly estimated. For example, the sludge from the present Lime-Soda
Plant is transported to Waste Pit No. L, where the supernate is allowed

to seep out. In this way, advantage 1s taken of the ion exchange proper-

ties of the soll to sorb activity that may be dissolved in the solution,

This practice may be continued only until Pit No. L is filled. At that
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time, a decision will have to be made concerning whether pit disposal of
sludge will be continued or whether an alternative procedure such as
hydrofracturing, burial of concentrated sludge in drums, or shipment of
the sludge to the National Repository will be used. Ecological considera-~
tions will certainly play an important role in the ultimate decisions

that will be made concerning the problem,

Because of the uncertainty in the waste disposal procedures to be
used, two of the several possible modes of operation have been selected,
and costs have been estimated for operation under the corresponding
conditions, The first assumes that all sludges are buried in the waste
pits and that the eluate is disposed of by hydrofracturing or some other
procedure having a cost comparable to the cost of hydrofracturing. The
cost assumed for pit disposal was 3¢ per gallon of sludge; the cost for
hydrofracturing was assumed to be 30¢/gal. A second possible operating
mode assumes that all wastes, including the sludges, are hydrofractured
or disposed of in a comparable manner, It also assumes that the sludges
could be hydrofractured at a 10% (by weight) concentration and that the
cost of hydrofracturing would again be 30¢/gal.

Operating costs for the various processes include: (1) fixed charges,
assumed at 10% of the original investment per year; (2) labor and super-
vision, assuming 8 hr per day of operating time and 1-1/2 shifts per week
for supervision; (3) utilities including steam at $1.00 per thousand
pounds, and (L) chemical costs taken primarily from current data in the
"0il, Paint, and Drug Reporter." Although the plant is designed for a
200-gpm feed rate, the operating costs are based upon operation at 150
gpm because this will probably be closer to the normal operating rate.
The 50-gpm difference between design and operating feed rates serves as
a safety factor to cover periods of plant downtime, additional quantities
of process water from new or expanded facilities, and process water from

facilities where treatment is only required on an emergency basis.

The results for pit disposal of the sludge are given in Table 6,
Note that the waste handling costs for the C-IX flowsheets are more
than twice those for the SP-IX flowsheet. The reason for this is that

the C-IX flowsheet produces only an eluate solution (the sludge is
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dissolved in the eluate in the C-IX process), which is more expensive
to handle. The resulting high waste handling costs tend to make the
C~IX process more expensive than the SP~IX process,but the charges for
the Modified C-IX process are about the same as those for the SP-IX

process.

The data in Table 7 indicate that, if all of the wastes are hydro-
fractured, the SP-IX process may be somewhat more expensive than the
other two candidate processes, The reasons for this are twofold:

(1) the SP-IX process must include a centrifuge to concentrate the sludge
if it is to be hydrofractured; and (2) the sludge plus eluate volumes

are still greater than the eluate volumes for the C-IX flowsheet. There-
fore, it appears that, at the present time, the SP-IX process should be
installed and pit disposal of the sludge should be specified. However,
over the long term, consideration should be given to changing the C-IX
flowsheet if more expensive methods such as hydrofracturing become neces-
sary for both the sludges and the eluate., Further, studies should be made
on both flowsheets to determine which operating conditions will minimize
the waste volumes because the costs for waste handling are among the most
expensive operating costs and there is a good probability that they could

be much higher than the rough estimates given in Tables 6 and 7.

3.6 Comparison of the SP-IX and the C-IX Processes

A comparison of the SP-IX and the C-IX flowsheets is given in
Table 8, Included are comparisons of DF's, as well as a list of advantages
and disadvantages of each process. Also included is a comparison of the
results obtained by operating each flowsheet in different modes or under
different feed conditions., These modes include operation using the SP-IX
process with recycle of the eluate to the head end and operation at high
levels of phosphate in the waste feed to the plant. Alternatives examined
for the C-IX process include the addition of an activated charcoal bed to
the cation and anion systems and the installation of a continuous ion
exchange system (Higgins column) instead of the fixed-bed system used for

the base case,
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3,6,1 Comparison of Costs

For the base case, in which the sludge from the SP-IX process is
discharged to the pits (at 3¢/gal) and the eluate from both processes is
hydrofractured (at 30¢/gal), the SP-IX process has the lowest capital and
operating costs, If both systems include only the cation exchange columns,
the SP-IX process will cost about $25,000 less than the C-IX process and
will also have a slightly lower operating cost ($2 .06 per thousand gallons
for SP-IX vs $2.29 per thousand gallons for the C-IX). If a Modified .
C-IX process is considered (using the ORNL Lime-Soda equipment for the
head end), its capital cost would be lower than that for the SP-IX process,
and the operating cost would be about the same since the cost of disposing
of the larger quantity of eluate to be hydrofractured (pit disposal is
assumed for the sludge from the SP-IX process) just about balénces the

savings in capital cost,

If the total wastes from both the C-IX and SP-IX processes are hydro-
fractured, the operating costs for both the C-IX and the modified C-IX
flowsheets will be lower than those for the SP-IX process (see Table 7)
because of the higher cost of hydrofracturing the SP-IX sludge (30£/gal).
This comparison assumes that sludge could be hydrofractured at a 10% by
weight concentration. If sludge could be hydrofractured at 30 to LO wt %,
the comparison would again favor the SP-IX process. These considerations
emphasize the need for development of techniques for hydrofracturing sludge
mixtures of varying concentrations and composition. Development of a
method for eluate disposal by hydrofracturing should also be given high
priority because this will probably be required for any of the flowsheets

under consideration.

3.6.2 Comparison of Decontamination Factors

The data in Table 8 indicate that both the SP-IX and C-IX processes
will adequately decontaminate ORNL process waste. However, it should be
noted that the data for the SP-IX process are based on pilot-plant opera-
tion, whereas the C-IX data are based on bench-scale operation with process
waste containing some added radioactive nuclides. Consequently, the same

degree of confidence cannot be placed on each set of data., This again

emphasizes the need for additional development work on the C-IX process.
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A comparison of the decontamination data for the two processes
reveals that the *®7Cs DF for the C-IX process is slightly lower than
that obtained with the SP-IX process (200 vs 920, respectively). How-
ever, a DF of 200 will be adequate to decontaminate ORNL process waste.
In contrast, the C-IX flowsheet provides higher ®°Co and rare earth DF's;
again, however, both processes would be entirely satisfactory for the

decontamination currently required at ORNL,

3.6.3 Overall Comparison of Processes

An overall appraisal of the two processes reveals that the utility
of each depends primarily on what type of waste from the prodess can be
disposed of most conveniently. For example, the SP-IX process produces
large quantities of sludge but only a small volume of ion exchange column
eluate, In fact, an alternative to the SP-IX process (recycle of eluate)
generates no eluate for disposal but has an increased volume of sludge
due to the clay required for adequate cesium decontamination. In contrast,
the C-IX process generates no sludge (the sludge is dissolved in the
eluate) but produces larger volumes of eluate from the ion exchange
columns. Therefore, the choice of process will depend, to a large
extent, on the most convenient waste disposal system available at the site.
For the present, the choice at ORNL will probably be pit disposal; thus
the SP-IX process should be selected. However, hydrofracturing may be
substituted for pit disposal over the long term; in this case, the system
should then be reevaluated to determine whether the C-IX process appears
more promising. It is strongly recommended that the major equipment items
be sized in such a manner that either process could be used in the plant.
The only required changes would be the installation of new ion exchange
resin and new equipment for a different type of chemical feed to the head

end of the process.

4 comparison of the decontaminated effluent from the two processes
with respect to bulk chemical content shows that the C-IX process will
have a much lower level than the SP-IX process. In the SP-IX flowsheet,
caustic is added to make the waste alkaline (pH = 11.7-11.8). If waste
of this pH is discharged to White Oak Creek without neutralization, the
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water will contain LOO ppm of NaOH before dilution and about 20 ppm after
dilution by the Creek., However, if the water is neutralized with H,S0,
before discharge (freshwater fish cannot tolerate a pH above 9.0), the
water will contain 710 ppm of sodium sulfate before dilution and about

35 ppm after dilution.

The effluent from the columns containing strong acid resin in the
C-IX process will be slightly acidic due to the presence of 50,2  and
NO; ions in the process waste, These ions will be converted to Hpy0,
and HNO5 during ion exchange. The resulting pH will be about L .0, which
can be neutralized by the addition of NaOH to the effluent from the plant.
Since estimates indicate that approximately 18 ppm of NaOH would be
required, the salt content before elution could be as high as 32 ppm prior
to dilution and perhaps 2 ppm after dilution by White Oak Creek, The
weight ratio \§§E%§’ of bulk chemicals discharged by the two processes
to White Oak Creek will be in the vicinity of 22/1.

3.6.4 Addition of Anion Exchange to the SP-IX or C-IX Processes

Estimates indicate that the addition of anion exchange to either
the SP-IX or the C-IX process would more than double the operating costs
and would increase the capital costs significantly. The large increases
in operating costs stem from the high volume of NaOH required to regenerate
the anion columns (8 anion bed volumes of 2 M NaOH) and the low capacity
of the beds (300 anion bed volumes before breakthrough). The increase in
capital cost for the SP-IX process 1s somewhat higher than that for the
C-IX process because a larger anion bed would be regquired in the SP-IX
process in order to match the cation bed regeneration cycle. For example,
in the SP-IX process, the capacity of the cation bed is 2000 bed volumes;
therefore, a matching anion bed (capacity, 300 bed volumes) would be about
six to seven times the cation bed volume. For the C-IX process (where the
cation bed capacity is.500 bed volumes), the anion bed would be about 1.7

times the cation bed volume.

Examination of the radioactive anion content of ORNL process waste

(see Table 1) leads to the conclusion that an anion column will not be

required in order to effectively decontaminate this waste stream under
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current regulations., However, if an anion exchange cycle is required

in the future, locating it at the source of contamination instead of in g
the Process Waste Plant will probably be less expensive, If the overhead

stream from the ILW Evaporator contains significant amounts of *3I, two T
possible procedures could be used. One would require that such wastes

be held up for a longer period prior to evaporation in order to permit

decay of the I, Another solution would be the installation of an

anion column on the evaporator overhead stream. The capital and operating

costs for a small unit decontaminating this stream would certainly be far

less expensive than if the same quantities of contamination had to be

removed after dilution by the process waste,

3.6.5 Operation with Process Waste Containing High Levels of Phosphate

The efficiency of precipitation in both the SP-IX and C-IX processes
is decreased when significant quantities of phosphate (> 1 ppm) are present
in the process waste, In the SP-IX process, an alumina column was devel-
opedh for the removal of phosphate contamination from the waste. However,
calculations showed that the column required for a 200-gpm plant would be
very large and expensive to regenerate (see Sect. 3.2.1). Therefore, it
is recommended that, when high phosphate levels are encountered, the plant
be operated normally except for more frequent regeneration, which will be
required as the result of carry-over of dissolved hardness from the head

end to the ion exchange system.

In the C-IX process, it will be necessary to increase the alum dosage
during periods of high phosphate concentrations. This will increase the
alum consumption and waste volumes. Increases in capital costs for opera-
tion at high phosphate levels do not appear to be necessary for the C-IX

process,

3.7 Consideration of a Continuous Ton Exchange System

A continuous ion exchange contactor has been tested to determine how
effectively it could decontaminate ORNL process waste.6 The contactor, a e
Higgins type measuring l} in. in diameter and 8 in. long and containing

Dowex 50W-X8 strong acid resin, was operated at flow rates varying between
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8 and 15 gpm. The resin was regenerated with 4.8 N HNO,. The resulting
DF's were 750 for strontium, 10 to 20 for cesium, and 20 to 100 for rare
earths., These DF's are lower than those obtained in the Scavenging-
Precipitation Ion-Exchange Pilot Plant; however, it is believed the low
values were due either to insufficient acid usage for regeneration (which
tended to leave residual activity on the resin) or to the presence of

colloids or algae (which carried activity through the bed without absorption).

A Higgins continuous contactor has been considered for use in the
C-IX flowsheet as a substitute for the fixed-bed cation exchange column.
The remainder of the process would be the same and would include a head-
end precipitation step and evaporation of the column eluate to reduce
its volume to an acceptable level, However, two fixed-bed cation ex-
change polishers are added downstream of the Higgins column in order to
ensure that the DF's for cesium and strontium are comparable to those
attainable by the SP-IX process. Routine regeneration of these beds
would not be required since the hardness level of the effluent from the

Higgins column will be essentially zero.

An estimate of the additional costs involved in the C-IX process

with a Higgins contactor are as follows:

‘Capital cost of C-IX process $918,100
(see Table 5)
Cost of Higgins type column plus 161,800

fixed-bed polishers
Less cost of fixed-bed columns plus 118,700
makeup equipment

Capital cost of C-IX process with $96l;,200
Higgins contactor :
It appeérs that the continuous system would cost about $46,100
more initially; this is comparable to an annual cost of i .L¢ per thousand
gallons of waste, assuming a fixed charge rate of 10% of the original

investment.

The advantages that would tend to offset this higher capital cost

lie in the lower operating costs, including lower nitric acid consumption

and less steam for the evaporation of the eluate from the ion exchange
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columns, However, because savings from these lower chemical and utility
costs are estimated to be less than L# per thousand gallons of waste,
they do not offset the higher capital costs. Therefore, installation of
a continuous ion exchange system does not appear to offer significant
advantages over a fixed-bed system for the specific requirements of the

ORNL process waste system,
li. IONG-RANGE CONSIDERATIONS

Results of the estimates concerning the effect of a new process
treatment plant on compliance with current criteria showed that total
activity levels would be reduced to below 100% of RCG but that signifi-
cant quantities of contamination would still appear at White Oak Dam,
primarily due to leaching from the burial grounds. Data in Table L
indicate that the estimated discharge of °°Sr to White Oak Creek would
be abbut 0.9 Ci/year, assuming the installation of a treatment plant
plus the diversion of various ORNL leaks to this plant. This would be
equivalent to about 99 pCi of ®°Sr/liter, assuming a total White Oak
Creek flow of about 2400 million gal annually (10 ft3/sec). In examining
the total radionuclide discharge (except for °H), the concentration in
White Oak Creek would be about 208 pCi/liter, using the same assumptions
and the data for the 1970 discharge rate.

If in the future further reduction is desirable, it would be neces-
sary to add an anion exchange colurm to the process treatment piant for
additional *°°Ru and **!I decontamination. Removal of the °°Sr leached
from the various burial grounds (or alternatively, prevention of the
leaching) would be necessary, Several possible methods for implementing
this reduction have been given some consideration, but no detailed studies

have been made,

L,1 Diversion of White Oak Creek Plus a Treatment Plant
at White Oak Dam

The cost of a large treatment plant at White Oak Dam would be
unreasonably large unless the uncontaminated water flowing into Bethel

and Melton Valleys could be diverted around the contaminated areas. A
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conceptual drawing of such an arrangement is shown in Fig. 8, A canal
connected into the Bethel Valley Branch in the L4500 Building area would
divert the flow away from the contaminated areas in Bethel Valley. A
similar canal in Melton Valley would connect into the Bethel Valley canal
just west of White Oak Lake, and then a combined canal south of the lake
would carry the clean water to the discharge side of White Oak Dam., A
rough estimate indicates that about 74% of the total flow of White Oak
Creek would be diverted by the canal system, leaving about 26% of the
flow to be treated.

The average flow of White Oak Creek is in the vicinity of 200 million
gal per month, but it ranges from 100 to 500 million gallons per month,
Therefore, a treatment plant would have to be designed for approximately
1.3 million gal per day, or 3000 gpm. It is recognized that such a plant
could not handle the drainage during flash storms when the flow of White
Oak Creek increases to 300 ft®/sec or more. In this event, it would be
necessary to provide a basin of sufficient capacity to hold up the excess

water so that it could be processed by the plant.

Treatment of the contaminated water at White Oak Dam for strontium
and cesium could be accomplished by a continuous ion exchange process (see
Sect. 3.7) using a strong acid resin, Water treatment plants with a capac-
ity for treating greater than 10 million gal/day are currently available
from vendors; thus this system would be feasible, technically, However,
disposal of the waste produced by regeneration of the resin would present

a severe problem because of its volume.

The cost of diverting the uncontaminated water in White Oak Creek
around the contaminated area and decontaminating the remainder of the
stream cannot be determined until a detailed study of the sources of
contamination downstream of the Process Waste Treatment Plant is completed.
However, a rough estimate for installing the canal system shown in Fig. 8
is $I to $6 million (1971 dollars). Installation of a treatment plant at
White Oak Dam, plus an emergency basin, would probably bring the cost to

greater than $10 million.
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4.2 Sealing of the Burial Grounds and Stream Dredging

One method that has been used at ORNL to prevent groundwater leaching
in contaminated areas involves the use of an asphalt cover over the area
to prohibit rainfall from reaching the contamination. This has been done
to several abandoned intermediate-level waste pits and the former 7500
Building Waste Pond. In the latter case, the area was excavated, filled
with gravel base, and then asphalted over; this was followed by Jennite

sealer to prevent leaking through cracks in the asphalt,

Sealing of the burial grounds to prevent leaching would probably
require that the areas be cleaned, graded, filled with base, and then
asphalted and finished with a sealer. An extensive underground drainage
system might also be required to prevent seepage of groundwater back
underneath the asphalt cover. A very rough estimate of the cost for
covering Burial Grounds Nos. L and 5, based on an overall cost of $3/ft?
(including the cover and a drainage system), came to $10 million. If
Burial Ground No, 6 is included (recently put in service), the cost would
be increased by about $10 million, for a total of $20 million. These

costs should be considered only as order-of-magnitude figures.

An attempt at cleanup of the water flowing over White Oak Dam may
have to include the excavation of contaminated sediment from the beds
of White Oak Creek and White Oak Lake. The amount of dissolution from
and the extent of these sources are not known and can only be determined
by extensive studies. Therefore, cost estimates for this phase have
not been made., Excavation of the bottom sediments would probably be very
deleterious to the fish and aquatic life in White Oak Lake and would

render it useless for future ecological studies.

4.3 Prevention of the Spread of Contamination from Under
Building 3047
The data given in Sect. 2.2.2 indicated that 55 to 85% of the ®°Sr
fed to the Lime-Soda Plant between January and March 1971 was measured
at Manhole No, 114, It appeared that the bulk of this ®°°Sr came from
seepage to the process waste line beneath Building 3047. The difference

in water flows in this line above and below Building 3047 has been
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measured at approximately 2,,000 gpd; therefore, it appears that a
significant volume of contaminated water is leaking into the process
waste system at that location. It is possible that a large portion of
the ®°°Sr from the same source of contamination flows untreated to White
Oak Creek and could be associated with the increase in strontium activity
levels in White Oak Creek during periods of heavy rainfall (see Sect.
2.2.3). Therefore, locating and isolating this source of ®°°Sr might
reduce the level of contamination in White Oak Creek beyond that reduc-
tion which would result from decreasing the activity currently released
by the Lime-Soda Plant.

One solution suggested to correct this problem involves rerouting
the process waste line under Building 3047 around the east end of the
building and sealing off the bypassed section. However, because contamina-
tion of the sewers or Fifth Street Branch of White Oak Creek might result
if the seepage flows elsewhere, installation of a sump and a system for
pumping the resulting inleakage to the process waste system has also been
suggested.11 Another solution of a more permanent nature would intercept
and divert the source of groundwater in the vicinity of Building 3047

before it becomes contaminated, -

Locating the source or sources of the underground contamination will
probably require extensive geological and hydrological study. One survey,
made in 1951,12 examined water samples for radiocactivity taken from L5
different drill holes inside and around ORNL. Results indicated that 19
of the water samples showed activity levels of 6 x 1077 uCi/cc or more,
which was indicative of activity levels in excess of those observed to
be occurring naturally in the area, Many of the active samples were
located around the ORNL Settling Pond and along White Oak Creek, while
others were located in the vicinity of the tank farms and other units
of the waste disposal system. Two samples from wells located west and
south of the present Building 3047 site had close to the highest activity
levels measured (18.2 and 20,7 x 1077 uCi/cc, respectively). The study
indicated that the bedrock underlying large. areas of ORNL is limestone,

which is "susceptible to underground solutions and to the development - -

of small voids with consequent increase in permeability and free movement
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of ground waters which may have been contaminated from downward percola-
tion of meteoric waters through the burial ground. That migration of
such contamination has taken place is shown by the probing of drill holes
located outside the boundaries of the burial ground." The data presented

in Sect. 2.2.3 showing the effect of rainfall on the strontium activity

in White Oak Creek tend to confirm the results of the above study.
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5. APPENDIX
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